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Technical Field'- 

The present invention relates to a silicon epitaxial wafer having an 
excellent gettering capability all over the surface thereof and a process for 
manufacturing the same. 

10 

Background Art: 

Most of silicon wafers widely used as substrates to fabricate 
semiconductor devices have been manufactured from a silicon single crystal 
grown by a Czochralski (CZ) method. In the silicon single crystal grown by 
15 the CZ method, interstitial oxygen is contained at a concentration of about 
10 18 atoms/cm 3 as an impurity. The interstitial oxygen precipitates due to 
supersaturation in the course of a thermal history from solidification in 
crystal growth till cooling to room temperature (hereinafter also abbreviated 
to a crystal thermal history) and in a heat treatment of a fabrication process 
20 for a semiconductor device, thereby a precipitate of silicon oxide (hereinafter 
also referred to as an oxide precipitate or simply a precipitate) being formed. 

The oxide precipitate works effectively as a site where a heavy metal 
impurity mixed into a crystal during a device process is captured (Internal 
Gettering: IG) to improve device characteristics and a product yield. 
25 Therefore, an IG capability is attached importance to as one of properties of a 
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silicon wafer. 

A process of oxygen precipitation consists of formation of a 
precipitation nucleus and its growth. Usually formation of a precipitation 
nucleus progresses in a crystal thermal history and thereafter the 
5 precipitation nucleus grows large in a heat treatment such as a device 
process to be detected as an oxide precipitate. Hence a precipitate formed in 
a crystal thermal history is herein called a Grown-in precipitation nucleus. 
As a matter of course, a case arises where an oxygen precipitation nucleus is 
also formed in a subsequent heat treatment. 
10 In the case of a usual as-grown wafer, an oxygen precipitation 

nucleus present at a stage prior to a device process is very small in size and 
therefore has no IG capability. However, through the device process, the 
oxygen precipitation nucleus grows to a large oxide precipitate having an IG 
capability. 

15 In order to make a device fabricating region in the vicinity of a 

surface of the wafer defect-free, a case exists where there is used an epitaxial 
wafer obtained by depositing silicon single crystals on a substrate in vapor 
phase growth. In this epitaxial wafer as well, it is important to impart an IG 
capability to the substrate. 
20 Since an epitaxial step is carried out at a high temperature of about 

1100°C or higher, almost all of oxygen precipitation nuclei (Grown-in 
precipitation nuclei) formed in a crystal thermal history are annihilated with 
the result that no oxygen precipitate is formed in a subsequent device process. 
Therefore, there has remained a problem to reduce an IG capability of an 
25 epitaxial wafer. 
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As a resort to solve this problem, a process has been available in 
which a substrate prior to an epitaxial step is subjected to a heat treatment 
at a temperature of the order of 800°C to thereby grow Grown-in 
precipitation nuclei formed in a crystal thermal history to sizes which are not 
5 annihilated even in an epitaxial step at high temperature. In this process, in 
a case where a temperature in a heat treatment prior to epitaxial growth is 
800°C, for example, Grown-in precipitation nuclei with sizes equal to or 
larger than a critical size at 800° C (the minimum size of a precipitation 
nucleus capable of stable growth at the temperature) grow and survive in the 
10 epitaxial step, and further grow in a heat treatment such as a device process 
following the epitaxial step into oxide precipitates. 

Surface distribution in density of Grown-in precipitation nuclei in a 
substrate prior to an epitaxial step is not necessarily uniform. As a typical 
example, a case arises where there exist, in the form of a ring, Grown-in 
15 precipitation nuclei with comparatively large sizes serving as nuclei of 
oxidation induced stacking faults (hereinafter also referred to as OSF) to be 
generated after a heat treatment at a temperature equal to or higher than 
about 1100°C in an oxidizing atmosphere (hereinafter a region where OSF 
are generated in the form of a ring is also referred to as an OSF ring). If such 
20 a substrate is subjected to a heat treatment to grow Grown-in precipitation 
nuclei and then epitaxial growth is carried out, surface distribution in 
density of precipitates in an epitaxial wafer becomes non-uniform, leading to 
a problem of non- uniformity in an IG capability. 

It has been known that in a general p + type substrate doped with 
25 boron at a high concentration, an OSF ring occurs more easily under an 



- 4 - 



influence of the doped boron as compared with a p type substrate doped with 
boron at a low concentration. 

Therefore, the problem of non- uniformity of an IG capability in a 
surface of the substrate as described above easily arises especially in a p/p + 
5 type epitaxial wafer using a p + type substrate. Needless to say, there are 
some cases where an OSF ring occurs, in addition to a p + type substrate, on a 
p type substrate, an n type substrate doped with phosphorus at a low 
concentration and an n + type substrate doped with antimony or arsenic at a 
high concentration, all being used as a substrate for an epitaxial wafer, 
10 according to crystal growth conditions. In such cases, a problem of 
non-uniformity in an IG capability arises as in the case of a p + type substrate. 

A device process in recent years has progressed toward lower 
temperature and shorter time with the use of a larger diameter wafer. For 
example, a series of device processes are all carried out at a temperature of 
15 1000°C or lower, and RTP (Rapid Thermal Processing) is frequently used 
that requires a heat treatment only for a time of the order of tens of seconds. 
In such a device process, since there is a case where the sum of the total heat 
treatments corresponds to only a heat treatment of the order of 2 hours at 
1000°C, there cannot be expected growth of oxide precipitates during the 
20 device process, which was realized in the prior practice. For such a reason, in 
a device process carried out at low temperature for a short time, a necessity 
arises for imparting an excellent IG capability to a wafer prior to a device 
process. 
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Disclosure of the Invention- 

The present invention has been made in light of the above problems, 
and it is an object of the present invention to provide a silicon epitaxial wafer 
having an excellent IG capability in the entire substrate thereof and a 
process for manufacturing the wafer. 

In order to achieve the above object, in a silicon epitaxial wafer 
according to the present invention, density of oxide precipitates detectable in 
the interior of a silicon single crystal substrate after epitaxial growth is 
lxl0 9 /cm 3 or higher at any position in the radial direction of the wafer. 

Thus, the presence of oxide precipitates of high density at any 
position in the radial direction of the wafer leads to an epitaxial wafer having 
an excellent IG capability in the entire substrate. 

Furthermore, with oxide precipitates empirically detectable at high 
density in an epitaxial wafer immediately after an epitaxial step, the 
epitaxial wafer has an excellent IG capability at a stage prior to a device 
process and is especially effective for a device process at low temperature for 
a short time in which no growth of oxide precipitates can be expected. Here, a 
critical size of an oxide precipitate having an IG capability is set as a 
practical guide to a size of an oxide precipitate empirically detectable ( on the 
order of a value in the range from 30 to 40 nm in diameter). In general, even 
an oxide precipitate of a size empirically undetectable is considered as having 
an IG capability, and hence judgment can be justified that a size empirically 
detectable has a sufficient IG capability. 

As the silicon single crystal substrate prior to the epitaxial growth, 
there is preferably used a silicon wafer which has Grown-in precipitation 



nuclei formed in a growth step for silicon single crystal, and in which 
stacking faults in the form of a ring are not generated in a heat treatment in 
an oxidizing atmosphere. 

The inventor has found that when epitaxial growth is carried out on 
a substrate having an OSF ring after the substrate has been heat treated for 
growing Grown-in precipitation nuclei, density of oxide precipitates 
detectable is non-uniform in the radial direction of an epitaxial wafer with 
decreased density of precipitates in a partial region thereof, which leads to 
the present invention. That is, with a substrate having no OSF ring, since 
distribution in the radial direction in density of Grown-in precipitation nuclei 
is comparatively uniform, oxide precipitates at high density can be formed 
uniformly in the entire substrate. For a general p + type substrate doped with 
boron at a high concentration, the present invention is especially effective 
because an OSF ring is generated with ease under the influence of the doped 
boron. 

In the present invention, the term "boron at high concentration" 
means that the boron concentration is at least 5xl0 17 atoms/cm 3 and when an 
intentionally doped dopant to control resistivity is only boron, the 
concentration corresponds to resistivity of 0.1 Q cm or lower. 

In order to obtain density of oxide precipitates at lxlO 9 /cm 3 or 
higher at any position in the radial direction of an epitaxial wafer, there is 
used as a substrate a silicon single crystal wafer which has Grown-m 
precipitation nuclei formed in a growth step of a silicon single crystal, and in 
which stacking faults in the form of a ring are not generated in a heat 
treatment in an oxidizing atmosphere, the substrate being heat treated for 
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growing Grown-in precipitation nuclei, followed by epitaxial growth. 

Thus, since in a substrate having no OSF ring, distribution in the 
radial direction in density of Grown-in precipitation nuclei is almost uniform, 
if the substrate is heat treated for growing Grown-in precipitation nuclei and 

5 then epitaxial growth is performed thereon, oxide precipitates at high density 
can be obtained at any position in the radial direction of the wafer. While no 
specific limitation is imposed on the upper limit of oxide precipitate density, a 
case occurs where the strength of a wafer is reduced due to decreased oxygen 
concentration in solid solution, so the upper limit is preferably lxlO 12 /cm 3 or 

10 lower. 

A substrate without an OSF ring described above can be obtained 
using a known technique in which a single crystal is pulled under control of a 
ratio V/G of a pulling rate V of a crystal to a temperature gradient G in the 
vicinity of a solid liquid interface in a pulled crystal, as described in, for 
15 example, JP A 99(Hll)-147786 and JP A 99(Hll)-157996 and others. It has 
been known that in the case of high concentration boron-doping, a V/G value 
at which an OSF ring occurs shifts to the higher V/G side (E. Dornberger et al. 
J. Crystal Growth 180(1977) 343-352.). Therefore, even if a single crystal is 
pulled in the same condition as a condition (V/G value) for pulling in which no 
20 OSF ring occurs in the case of a low concentration boron-doped substrate (a p 
type substrate), in the case of a high concentration boron-doped substrate, an 
OSF ring occurs depending on a boron concentration thereof. That is, in the 
case of a general p + type substrate doped with boron at high concentration, an 
OSF ring occurs mostly by an effect of doped boron; therefore, the 
25 manufacturing process according to the present invention is especially 
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effective. 

A position of an OSF ring shifts toward the outer surface of a single 
crystal with increase in a V/G value as shown in FIG. 4. Therefore, in order 
to obtain a substrate in which no OSF ring occurs, a V/G value should be 
increased so as to annihilate an OSF ring in a peripheral portion of the 
crystal. Furthermore, even if an OSF ring is present in a peripheral portion 
in a state of an as- grown crystal, by removing the OSF ring region in a 
subsequent processing step of a substrate, the the substrate having no OSF 
ring can be obtained. 

As stated above, in the case of a p + type substrate, a position of an 
OSF ring on a wafer surface depends on a V/G value and a boron 
concentration. Based on this knowledge, by controlling a V/G value and a 
boron concentration a substrate having no OSF ring can be obtained. 

While no specific limitation is imposed on the lower limit of 
resistivity as a substrate for a p/p + type epitaxial wafer, a boron 
concentration may be controlled to about 0.014 Qcm or higher as a practical 
crystal pulling condition. However, as one effect of a p + type substrate for a 
p/p + type epitaxial wafer, there is an effect of improving a resistance to 
latch-up in a device, and hence resistivity of the substrate is necessary to be 
about 0.1 Q cm or lower to obtain the effect, preferably 0.05 Q cm or lower, 
and most preferably 0.02 Q cm or lower to ensure the sufficient effect. 

On the other hand, with higher resistivity of a substrate, there are 
obtained an effect of difficulty in generating an OSF ring and in addition 
thereto an additional effect of no necessity for forming an oxide film on a back 
surface of a wafer used for preventing a change in resistivity of an epitaxial 
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layer due to auto-doping. While any conditions for a heat treatment for 
growing Grown-in precipitation nuclei may be adopted as far as Grown-in 
precipitation nuclei can grow to a size equal to or larger than a value 
empirically detectable after epitaxial growth, there may be employed such 
5 conditions as about 1000°C or higher and about 0.5 hr or longer. Accordingly, 
an excellent IG capability can be added all over the radial direction of the 
wafer at a stage prior to a device process. 

From the above description, according to the present invention, 
there can be obtained a silicon epitaxial wafer having an excellent gettering 
10 capability all over the radial direction of the wafer. 

Brief Description of the Drawings'- 

FIG. 1 is a flow chart showing an example of a step sequence of a 
process for manufacturing a silicon epitaxial wafer according to the present 
15 invention. 

FIG. 2 is a graph showing distribution in the radial direction of the 
wafer in density of precipitates in a crystal position A and a crystal position B 
of Example 1. 

FIG. 3 is a graph showing distribution in the radial direction of the 
20 wafer in density of precipitates in a crystal position A and a crystal position B 
of Comparative Example 1. 

FIG. 4 is a graph showing an OSF region in relation to a crystal 

position and a V/G value. 



25 Best Mode for Carrying Out the Invention- 
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Description will be given of an embodiment of a process for 
manufacturing a silicon epitaxial wafer of the present invention below with 
reference to the accompanying drawings and it is needless to say that the 
embodiments are shown by way of illustration and various modifications or 
variations thereof can be implemented as far as not departing from the 
technical concept of the present invention. 

FIG. 1 is a flow chart showing an example of a step sequence of a 
process for manufacturing a silicon epitaxial wafer according to the present 
invention. 

As shown in FIG. 1, in the first place there is prepared a silicon 
single crystal wafer serving as a substrate of an epitaxial wafer (step 100). 
The substrate contains no OSF ring due to control of a V/G value and a boron 
concentration. The substrate is subjected to a heat treatment to grow oxide 
precipitates prior to an epitaxial step (step 102). 

Here, any conditions for the heat treatment may be adopted as far as 
Grown-in precipitation nuclei can grow to a size equal to or larger than a 
value detectable after an epitaxial step. For example, there may be 
performed a heat treatment where the temperature is raised from 800°C to 
1000°C at a rate of 3°C/min and then kept at 1000°C for 4 hrs. By performing 
the heat treatment prior to an epitaxial step, large-sized oxide precipitates 
having an IG capability can be formed at high density in the substrate. Next, 
when required, the wafer is cleaned, an oxide film thereon is removed and 
other steps are carried out, thereafter epitaxial growth being performed (step 
104). 

The above heat treatment may be performed either before or after 
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mirror polishing (also referred to as a mechanical chemical polishing) of the 
wafer to be heat treated. When the heat treatment is performed before the 
mirror polishing, the mirror polishing is carried out after the heat treatment 
and then the epitaxial growth follows. 

A silicon epitaxial wafer according to the present invention is 
characterized in that density of oxide precipitates detectable in the interior of 
a substrate after epitaxial growth is lxlO 9 /cm^ or higher at any position in 
the radial direction of the epitaxial wafer. Thus, with the presence of oxide 
precipitates at high density in any position in the radial direction of the wafer, 
the epitaxial wafer has an excellent IG capability all over the radial 
direction . 

Furthermore, with oxide precipitates empirically detectable at high 
density after the epitaxial step, an epitaxial wafer has an excellent IG 
capability at a stage prior to a device process and is especially effective for a 
device process at a low temperature for a short time in which no growth of 
oxide precipitates can be expected. 

As a substrate for growing an epitaxial layer, it is effective to use a 
silicon single crystal wafer having Grown-in precipitation nuclei formed in a 
growth step of the silicon single crystal and in which stacking faults in the 
form of a ring are not generated in a heat treatment in an oxidizing 
atmosphere. Since a substrate having no OSF ring has distribution in the 
radial direction in density of Grown-in precipitates is comparatively uniform, 
oxide precipitates at high density can be formed all over the radial direction 
of the wafer. 

Confirmation whether an OSF ring is present or not in a substrate 
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may be conducted such that the substrate is heat treated at 1150°C for 60 
min in an oxidizing atmosphere, and is subjected to chemically selective 
etching, followed by observation on a surface thereof with an optical 
microscope. 

5 Since in a general p + type substrate doped with boron at a high 

concentration an OSF ring occurs with ease due to an influence of doped 
boron, application of the construction according to the present invention is 
especially effective. 
EXAMPLES 

10 Description will be given of the present invention showing an 

example in a more concrete manner, but it is needless to say that the example 
is presented by way of illustration and not to be construed by way of 
limitation. 
(Example l) 

15 Mirror-finished substrates were prepared from different two 

positions (which are positions grown in the former half and the latter half, 
respectively, in a crystal growth step and hereinafter referred to as a crystal 
position A and a crystal position B) of a boron-doped silicon single crystal 
having a diameter of 8 inches, a plane orientation of <100>, and resistivity in 

20 the range of from about 0.015 to about 0.018 Qcm grown by the CZ method. 
An oxygen concentration of the substrates which was measured using a gas 
fusion method was about 14 ppma. 

In pulling of the crystal, a V/G value was adjusted such that an OSF 
ring is annihilated toward the outer periphery thereof. 

25 Then, the substrate was subjected to a heat treatment in an 
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oxidizing atmosphere prior to an epitaxial step. That is, the substrate was 
loaded into a heat treatment furnace at 800°C, the temperature was raised 
from 800°C to 1000°C at a rate of 3°C/min and the substrate was kept at 
1000°C for 4 hrs. After keeping the temperature, the temperature in the heat 
5 treatment furnace was lowered to 800°C at a rate of 3°C/min and then the 
substrate was unloaded out of the furnace. Then, oxide films on surfaces of 
the substrate were removed with hydrogen fluoride aqueous solution, and 
thereafter epitaxial growth was carried out at about 1100°C to deposit a 
silicon single crystal layer to a thickness of about 5 ^im, with the result that 
10 an epitaxial wafer was obtained. 

The epitaxial wafers which are not subjected to any heat treatment 
were measured on density of oxide precipitates in the interior of the substrate 
using an infrared scattering tomography method (hereinafter also referred to 
as LST), which is one of infrared scattering methods. With LST, there is 
15 detectable an oxide precipitate of a size equal to or larger than a diameter of 
the order of 40 nm. Positions at which precipitate density was measured 
were in the depth direction in the range of 50 to 230 jam from the surface of 
the substrate and in the radial direction the position of 5 mm inwardly from 
the periphery, and positions at 10 mm spacing between 90 mm and 10 mm 
20 inwardly from the periphery. 

FIG. 2 is a graph showing distribution in the radial direction in 
density of precipitates in a crystal position A and a crystal position B of 
Example 1. In either of the crystal positions, it is found that the precipitate 
density all over the radial direction of the epitaxial wafer is lxl0 9 /cm 3 or 
25 higher and distribution the radial direction thereof is almost uniform. 
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Pnrthermore, the prepared substrate was suited to a heat 
, t at U50-C for 100 min in an oxidizing atmosphere vnthout 
:r:; :l— prior, anep^stepandep^^th 

Lon.Ln.chen.ie^s.eoUveete^wascarriedontonthesnhstra. 
5 I thereafter oh— was eondneted on a surface of the anhstrate w,h 
an opticai microscope for con,— o £ the presence or absence o f an 
ring. As a result, no OSF was observed. 
(Comparative Example 1) 

Mirror-finished substrates were prepared from afferent tw 
10 positions (which are positions grown in the former ha* and the latter ha* 
spective*, in a est, growth step and hereinafter referred to as a cr^ 
p lon A and a cr^ai position B) o f a boron-doped siiicon surgie 

, +ftm oo. C m grown at a pulling speed 
the range of from about 0.010 to about 0.013 Q cm gr 
15 loW er tban in Example 1 using a pulling apparatus having tbe same furnace 

G) as in Example 1. An oxygen concentrate of 
construction (the same G) as in uxa » 

substrates was about 13 ppma. 

v +^ t n a heat treatment in an 
Then, the substrate was subjected to a heat 

0 ^ng —re prior to an epitaxiai step in a stmUar manner ^ 

20 Exampie 1. That is, tbe substrate was ioaded into a heat treatment furnace 
20 Example ^ a rate o£ 

at 800«C, the temperature was rmsed from 800 C 

icmin and tbe substrate was bept at ,000. for . hrs. A*er beepmg b 
mature, tbe temperature in the heat treatment furuace was fow red . 
300 C at a rate of 3°C,min and then tbe substrate was unioaded out of 

, The „ oxide fume on surfaces of the substrate were 

25 heat treatment furnace. Then, oxitte 
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removed with hydrogen fluoride aqueous solution, and thereafter epitaxial 
growth was carried out at about 1100°C to deposit a silicon single crystal 
layer to a thickness of about 5 jam, with the result that an epitaxial wafer was 
obtained. 

The epitaxial wafers which are not subjected to any heat treatment 
were measured on density of oxide precipitates in the interior of the substrate 
using LST. Positions at which precipitate density was measured were in the 
depth direction at a position in the range of 50 to 230 |am from the surface of 
the substrate and in the radial direction the position of 5 mm inwardly from 
the periphery, and positions at 10 mm spacing between 90 mm and 10 mm 
inwardly from the periphery. 

FIG. 3 is a graph showing distribution in the radial direction in 
density of precipitates in a crystal position A and a crystal position B. In the 
case of the crystal position A, precipitate density was lower in a region up to 
about 20 mm inwardly from the wafer periphery. Furthermore, in the case of 
the crystal position B, precipitate density was lower in a region up to about 
20 mm inwardly from the wafer periphery and a region from 50 mm inwardly 
from the wafer periphery to the center. That is, in either cases, the 
distribution in the radial direction in the precipitate density was very 
non-uniform. 

Furthermore, the prepared substrate was subjected to a heat 
treatment at 1150°C for 100 min in an oxidizing atmosphere without 
performing a heat treatment prior to an epitaxial step and epitaxial growth 
thereon. Then, chemically selective etching was carried out on the substrate 
and thereafter observation was conducted on a surface of the substrate with 
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an optical microscope for confirmation of the presence or absence of an OSF 
ring. As a result, in either cases of both crystal positions A and B, an OSF 
ring was observed at a position of about 30 mm inwardly from the periphery 
of the substrate. From the results, it was confirmed that in a case where a 
substrate in which an OSF ring is present is used the distribution in the 
radial direction in the precipitate density after the epitaxial step is 
non-uniform and the precipitate density is lower in a partial region in the 
radial direction thereof . 

Note that the present invention is not limited to the above 
embodiments. 

The above embodiments are intended to describe the present 
invention by way of illustration and any epitaxial wafer and any 
manufacturing process having substantially the same construction as that of 
the technical concept described in appended claims of the present invention 
and exerting functions and results similar to the technical concept is included 
in the technical scope of the present invention. 

For example, in the above Example, description is given of the case 
where the silicon single crystal having a diameter of 200 mm (8 inches) is 
grown, the present invention is not limited to this, but can be applied to 
silicon single crystals having diameters in the range of from 100 to 400 mm (4 
to 16 inches) or more. 

Besides, needless to say, the present invention is also applied to a 
so-called MCZ method in which there is applied to silicon melt a horizontal 
magnetic field, a vertical magnetic field, a cusp magnetic field or the like. 
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Capability of Exploitation in Industry: 

As described above, according to the present invention, a substrate 
having no OSF ring is subjected to a heat treatment prior to an epitaxial step 
5 and thereafter epitaxial growth is performed thereon; thereby there is 
provided an epitaxial wafer having an excellent IG capability all over the 
radial direction thereof. 



